Purpose: This study was undertaken to compare the microleakage of class V cavities restored with the newly introduced Embrace WetBond class V (EWC) composite resin and conventional Opallis composite resin.
INTRODUCTION
Currently, use of composite resins is on the increase as a result of even increasing demands by patients for tooth-colored restorations. These restorations have some disadvantages despite their advantages, such as esthetic appearance, bonding to tooth structure, more conservative preparation of cavities that results in the preservation of tooth structure, and thermal insulation. The majority of problems in relation to composite resin restorations stem from polymerization shrinkage directly and indirectly. 1, 2 Such shrinkage results in enamel cracks, marginal gaps, and open margins, the important consequence of which is microleakage. 3, 4 Microleakage is the chief reason for tooth sensitivity and recurrent caries beneath the restoration, and, therefore, it is the main reason for the failure of treatment and replacement of composite resin restorations. 1, 5, 6 Microleakage is attributed to various factors including the presence of gaps between the tooth structure and the restorative material, dentinal fluid, polymerization shrinkage, etc. 7, 8 Bacteria can proliferate and survive
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at marginal gaps, particularly noticeable on the walls that have a weaker bond, such as the dentinal margins compared with enamel margins, due to inadequate seal. In class V cavities, in particular, due to the difficulty of access, selection of a suitable restorative material is a controversial issue. 5 Isolation is difficult at gingival margins, and a complete seal should be considered the most important factor for the success and durability of such restorations. 7, 9, 10 A large number of studies have focused on composite resins and various bonding systems, which has resulted in significant advances in the type of the material used for tooth-colored restorations, the quality of the bond, and the techniques used for their clinical application. Recent advances in bonding systems have resulted in a decrease in procedural steps and simplification of these steps. For example, self-etch bonding systems or one-step bonding agents have prompted dentists to use these systems due to ease of the procedural steps and patient comfort. However, more attention should be paid to the quality of the bond than the ease of the procedural steps. In addition, subsequent to the introduction of bonding agents, many attempts were made to compare their properties to minimize microleakage, technique sensitivity, and the number of clinical steps, which resulted in the introduction of self-adhesive materials. Therefore, to simplify treatment, a new type of composite resin has been introduced recently, and the manufacturer claims that there is no need for acid etching and bonding on dentin surfaces with the use of this composite resin and it can itself form a chemical and micromechanical bond with tooth structures; however, etching of enamel surfaces has been recommended. 7, 11 This composite resin has been named EWC and is a hydrophilic resin that has exhibited excellent sealing ability, adaptation with tooth structure, and a strong bond; it has also exhibited less microleakage compared with conventional techniques of composite resin restorations. It is the first wet bond composite resin and has specifically been designed for class V cavities. 12 The present study was designed to compare microleakage in class V cavities restored with EWC and Opallis composite resins to minimize microleakage in such restorations.
MATERIALS AND METHODS
Thirty permanent bovine incisors were included in the present in vitro study. The teeth were free of any caries or defects. The teeth were cleaned of any tissue remnants and stored in tap water during the study procedures.
Cavity Preparation
First, all the teeth were cleaned with a mixture of pumice powder and distilled water. The teeth were stored in a refrigerated saline solution for a maximum of 3 months as recommended by the International Organization for Standardization norms (ISO guidance on testing of adhesion to tooth structure; International Organization for Standardization. TR 11405, 1-4, Geneva, Switzerland, 1994). Then, class V cavities were prepared on the labial surfaces with a #0.9 diamond bur (SS White, Lakewod, NJ, USA) in a high-speed handpiece under air and water spray by one operator.
A new bur was used for every five cavities. The cavities measured 1.5 mm in depth, 3 mm in length, and 2 mm in width. The cavities were confined within the distal and mesial line angles of the teeth. The occlusal margin of the cavities was placed 1 mm coronal to the CEJ, and the gingival margin was placed 1 mm apical to the CEJ (Fig. 1) . Before cavity preparation procedures, the cavity outlines were drawn on each tooth with the use of a pencil. The teeth were randomly divided into two groups. In group I, Opallis composite resin (manufactured by FGM) and ExciTE bonding agent (manufactured by Vivadent) were used. In group II (the case group), EWC composite resin was used according to manufacturer's instructions.
Restoration
Group I
The enamel margins of the cavities were etched with 35% phosphoric acid (Ultra Etch) for 15 seconds, followed by etching of the dentin surface for 10 seconds. After rinsing of the cavity for 10 seconds, they were blot-dried, which involved placing a cotton pellet within the cavity to cover the dentin surface and completely dry the enamel. Then, based on manufacturer's instructions, two layers of ExciTE bonding agent (a fifth-generation bonding agent manufactured by Vivadent) were applied to all the cavity surfaces. After 15 seconds, the first layer was thinned with a gentle current of air from the air syringe. Then, the second layer was applied and thinned by the air syringe, followed by light-curing with Litex 680 (Dentamerica Inc, City of Industry, California), a lightcuring unit at a wavelength of 500 nm. Subsequently, Opallis composite resin (Lot: 100212, A3 Dents Care Ltd, Brazil) was placed in the cavity using the incremental technique. The first layer, measuring 0.5 mm in thickness, was placed in the gingival half of the cavity and light-cured for 20 seconds. The subsequent layers were placed in 1 mm thicknesses and each layer was lightcured for 20 seconds. The last layer was light-cured for 40 seconds.
Group II
A small groove was prepared with a diamond bur in a high-speed handpiece under air and water cooling at the incisal edge of all the tooth samples as an indicator. The enamel margins of the cavities were etched with 35% phosphoric acid, rinsed, and dried. Care was exercised not to desiccate dentin. Therefore, the dentin surface was covered with a cotton pellet and was not subjected to the air syringe. Then, as described for group I, EWC composite resin (Pulpdent Corporation) was placed in the cavity using the incremental technique. The final layer was light-cured for 40 seconds. At the end of the restorative procedures in each group, all the samples were stored in tap water at room temperature for 24 hours, and then excess restorative materials were removed with finishing burs in a high-speed handpiece under water spray and the restorations were polished. All the procedures were carried out by one operator to eliminate the confounding factors as far as possible.
Thermocycling
Then, the samples were thermocycled in a special device manufactured under orders from the Faculty of Dentistry, Shahed University, Iran. The procedure consisted of 500 thermal cycles in water baths at 5/55°C, with a dwell time of 30 seconds and a transfer time of 15 seconds. At the end of the procedures, the teeth were once again stored in tap water. The apices of the teeth were sealed with Fuji Plus self-cured glass-ionomer (manufactured by GS), and all the tooth surfaces were covered with two layers of nail varnish except for 1 mm around the restoration margins to confine dye penetration to the restoration margins. Subsequently, the teeth were stored in 0.5% fuchsin solution for 24 hours to evaluate microleakage. To prepare 0.5% concentration of fuchsin, 0.5 g of fuchsin powder was mixed with 99.5 mL of tap water. After 24 hours, the teeth were retrieved from the fuchsin solution and thoroughly rinsed under tap water to eliminate all the residual solution. Then, the nail varnish layers were removed from the tooth surfaces gently with the use of a spatula. Then, the teeth were placed within plastic models in preparation for sectioning.
Preparation of the Plastic Models
To prepare the plastic models, first, a hollow resin cube was prepared that was almost the size of the teeth. Then, the cube was filled with polyester material as follows (Maxi Rubber, São Paulo, SP, Brazil): First, a 4 mL syringe was used to transfer polyester resin and a drop of Brilliant cobalt into a metallic container and thoroughly mixed. Then, 0.2 mL of the shining Brilliant peroxide was added to the previous mixture and mixed thoroughly again (Fig. 2) . It should be pointed out that accuracy and concentration during filling the wax patterns are very important to prevent bubble formation because after the setting process of the polyester material, bubbles result in the formation of cracks and fracture of the plastic model. The teeth should be placed within the mixture before the polyester material enters the gel phase. After setting which usually takes 20 to 30 minutes, the models should be retrieved from the models. The steps above were repeated for all the samples. All the samples in both groups were numbered.
Sectioning
For buccolingual section of each sample, a line was drawn with a graphic pen passing over the mesiodistal midline of the restoration. Each sample was split into two halves using a disk (Resista Omegna 68, Italy) under water coolant.
Assessment
The sections were prepared for the evaluation of dye penetration under a stereomicroscope at ×30 (SMZ 1500, Nikon, Kanagawa, Japan). Penetration of dye was evaluated at occlusal and gingival margins, and linear microleakage of the samples was scored as follows:
• Score 0: No dye penetration.
• Score 1: Dye penetration up to half of the depth or less than that on the occlusal and gingival walls.
• Score 2: Dye penetration up to more than half of the cavity without involving the axial wall.
• Score 3: Dye penetration involving the axial wall.
Such evaluation was carried out in both halves of each sample and twice for each half and the higher score was recorded (Figs 3 and 4) .
Statistical Analysis
To test ordinal results, we used nonparametric statistical methods. To find out whether each independent composite group I and II came from the same population, we used Mann-Whitney U test, and to compare two related samples, coronal margin and gingival margin, Wilcoxon signed-rank test was used. Tables 1 and 2 present the mean microleakage scores of both gingival and coronal margins in each group. Table 3 presents the results of comparisons made between the two groups with Mann-Whitney U test. As shown by the results, there was significantly more microleakage at occlusal margins in group II (the case group; p = 0.04). In addition, there was significantly more microleakage at gingival margins in group II (p = 0.02). Wilcoxon's signed-rank test was used to compare microleakage between gingival and coronal margins in each group. In each group, microleakage at gingival margins was significantly more than that at coronal margins (Table 4) .
RESULTS
DISCUSSION
One of the disadvantages of composite rein restorations is their long and complicated procedural steps. Composite resin restorations are time-consuming and comprise several steps with high technique sensitivity. Complete isolation, placement, and correct application of the materials and application of acid-etching, primer and the adhesive on the tooth structure require great skill and concentration. 1 It should also be pointed out that composite resins exhibit at least 2% of polymerization shrinkage that might result in postoperative sensitivity, recurrent caries, and finally pulpal inflammation. 13 Studies have predominantly shown that microleakage is significantly higher at the gingival margins of composite resin restorations that are apical to the CEJ. This is attributed to the fact that polymerization shrinkage is higher toward the center of the restorative material mass, toward the light source, and toward the bonded surface (composite resin-enamel interface). 13 Human teeth are the first choice for in vitro studies; however, bovine teeth have yielded microleakage results similar to those of human teeth and it is easy to collect them. 14 Since, it is difficult to collect a large number of sound human teeth, in the present study, bovine teeth were used as an alternative. 15 Different techniques have been used for the evaluation of microleakage in different studies. However, the most commonly used technique is dye penetration through the restorative material-tooth structure interface. Although it is an easy, inexpensive, and fast technique, it depends on the concentration and accuracy of the researcher for observing the results in the samples. 14 Differences in procedural steps have made it difficult to compare the results reported by different researchers. Despite advances in the technologies used for the manufacturing of restorative materials and adhesive agents, microleakage takes place in the long term around restorations. 15 Since the success rate has been low in relation to the elimination of or decrease in microleakage, attempts have been made to simplify the process of restoration with composite resins. 16, 17 Of all the composite resins available on the market, EWC is a new type of composite resin introduced as an alternative for time-consuming processes of composite resin restorations; however, extensive studies have not been carried out on it. The manufacturer claims that with the use of EWC, there is no need for acid etching and bonding on the dentin surface, and the composite resin itself can form a chemical and micromechanical bond with the tooth structure. A study evaluated microleakage of this material based on a request by the manufacturer and reported that this technique exhibited less microleakage compared with conventional composite resin restorations; 11 however, the results of the present study did not confirm this. Concomitant with such an advance, self-adhesive cements have been marketed too and have attracted a lot of attention. These resin cements do not require bonding and preparation of the tooth surface. The results of studies by Ibarra have shown that one of these resin cements, namely, Unicem, has low ability to etch the smear layer covering the enamel and, therefore, results in a decrease in the micromechanical retention of the cement. A decrease in the micromechanical retention on enamel might be due to the high viscosity of the cement after mixing it or due to the insufficient time available for the cement, before curing, to react with the tooth structure.
In such a case, neutralizing reactions occur rapidly, and the initial pH (pH < 2) will not be suitable for etching the enamel surface. Evaluation of the samples under an electron microscope has demonstrated a decrease in the thickness of the hybrid layer, which might be a piece of evidence indicating a decrease in bond strength. 18, 19 Grandini et al 20 carried out a study on cemented fiberreinforced composite posts with five different types of adhesive cements, concluding that despite the ease and high rate of the procedural steps with experimental GC and Unicem cements, the short setting time and the relatively high viscosity of these cements might compromise marginal adaptation along the root canal and even result in formation of bubbles, consistent with the results of the present study. 21 To explain this further, since no adhesive system is used with EWC composite resin and also due to its high viscosity, proper wetting does not occur on the tooth surface and marginal adaptation decreases. In general, in the study carried out by Francesca, selfadhesive cements evaluated were not recommended due to their poor marginal seal and low bond strength compared with other cements. 22 Radovic et al 23 evaluated the efficacy of self-adhesive cements and reported that the adhesive capacity of self-adhesive cements to dentin was comparable with that of other resin cements; however, these cements exhibited a weak bond to enamel. These results were confirmed by Ibarra et al, 19 De Munck et al, 22 and Schenke et al. 24 Studies carried out based on requests by the manufacturer of Unicem cement (3M) in 2002 compared Unicem with composite resin cements (Variolink II) and compomer (Dyract) and resin cements (Panavia F) in relation to marginal seal at enamel and reported microleakage of self-adhesive class V composite resins in deciduous and permanent teeth with the use of self-adhesive EWC composite resin. 13 Sadeghi 9 compared microleakage of self-adhesive flowable composite resin with other flowable resin materials and reported better occlusal marginal seal with EWC composite reins in association with bonding compared with no bonding; however, no significant differences were detected at cervical margins. Therefore, despite the efforts to decrease the number of procedural steps and simplify the restorative process, based on the results of different studies, it still appears that the etch-and-rinse technique is the most effective technique to achieve a durable bond to tooth structure. [27] [28] [29] Therefore, shortening the restorative process, irrespective of microleakage, cannot be considered a significant breakthrough, and this indicates the importance of dentin-bonding systems in the marginal seal and decease in microleakage. It should be pointed out that since the present study was carried out in vitro, it is recommended that long-term in vivo studies be carried out under similar conditions. Since there were problems with the technique used in the present study to fabricate the plastic models, researchers intending to carry out such studies are recommended to fabricate transparent plastic models with the use of orthodontic acrylic resins because in addition to the ease of fabrication, they are better than polyester and can be sectioned by a machine.
CONCLUSION
Despite the high rate of the procedure and its short time when EWC composite resin is used, it cannot be a reliable restorative material for class V cavities due to inadequate marginal seal.
